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CHAPTER  I 
INTRODUCTION 

Purpose  of  the  study. —  The  purpose  of  this  study  was 
to  determine  by  testing  whether  or  not  there  is  any  relation- 
ship between  success  in  solving  one-step  verbal  problems  and 
the  understanding  of  the  four  fundamental  processes  of  ad- 
dition, subtraction,  multiplication,  and  division  by  chil- 
dren of  Grade  III. 

Justification  for  the  study. —  Arithmetic  instruction 
emphasizes  both  skill  in  the  four  fundamental  processes  and 
the  solving  of  verbal  problems  through  the  use  of  these 
processes. 

"A  verbal  problem  is.... the  word  description  of  a 
quantitative  situation  about  which  a  question  is  asked 
....The  number  solution  of  a  verbal  arithmetic  problem 
is  then  a  short  (or  number)  way  of  representing  the 
conditions  stated  with  words  plus  the  rearrangement  of 
the  numbers  for  the  simplification  of  the  original 
statement . "1/ 

It  is  quite  possible,  however,  that  the  child  may  possess 
considerable  skill  in  the  basic  operations,  but  have  little 
or  no  understanding  in  the  solving  of  the  written  problem. 
During  the  last  fifteen  years,  the  idea  that  arithmetic  must 

1/Herbert  F.  Spitzer,  The  Teaching  of  Arithmetic  (second 
edition),  Houghton  Mifflin  Company,  Boston,  1954,  pp.  180- 
181. 
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be  taught  meaningfully  has  been  rather  generally  accepted. 

Although  many  aspects  on  problem  solving  in  arithmetic 

have  been  investigated,  little  has  been  done  on  that  aspect 

of  problem  solving  that  deals  with  the  determination  of  the 

primary  child's  understanding  of  process  meanings  while 

solving  a  verbal  arithmetic  problem.    R.  L.  Morton  says 

that  "most  of  the  research  which  has  been  done  on  problem 

2/ 

solving  has  been  done  m  the  fourth  and  later  grades." 

C.  Newton  Stokes  says,  in  connection  with  the  pupils' 

understandings  of  meanings  in  problem  solving,  that: 

"The  meanings  which  are  to  be  taught  direct  the 
line  of  action  in  teaching.     Whether  it  is  a  concept, 
a  process,  or  a  generalization  that  we  expect  the  child 
to  acquire,  meanings  constitute  the  guide  posts  along 
the  way. "3/ 

J.  T.  Johnson  helps  to  justify  this  study  by  saying 
that  once  the  process  is  rationalized  for  the  child  by  the 
teacher,  no  check  is  made  on  the  pupil's  understanding  of 
the  rationalization  taught  to  them.    He  states,  "Here  we 
need  some  research  on  how  far  pupils  understand  the  ration- 

1/G.  T.  Buswell  and  Maurice  L.  Hartung,  "Methods  of  Studying 
Pupils'  Thinking  in  Arithmetic,"  Arithmetic  1949,  Supple- 
mentary Educational  Monographs,  Number  70,  University  of 
Chicago  Press,  Chicago,  1949,  p.  56. 

2/Robert  L.  Morton,  Teaching  Arithmetic  in  the  Elementary 
School,  Silver  Burdett  Company,  New  York,  1937,  1:347. 

3/C.  Newton  Stokes,  Teaching  the  Meanings  of  Arithmetic, 
Appleton-Century-Crof ts ,  Inc.,  New  York,  1951,  p.  209. 
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alization  that  is  given  them  by  the  teachers." 

Burch  also  helps  to  justify  this  study  by  suggesting 
that  in  many  studies  concerning  methods  pupils  use  in  the 
solving  of  written  problems  "questions  were  left  unanswered 
and  could  be  investigated  more  fully." 

If  the  meanings  of  the  four  fundamental  processes  in- 
volved in  problem  solving  could  be  incorporated  in  a  testing 
instrument,  and  significant  objective  data  could  be  derived 
therefrom  and  related  to  problem  solving  ability,  we  would 
have  a  better  idea  than  we  do  at  present  of  the  role  of 
meanings  in  this  important  arithmetic  ability. 

Scope  and  limitations  of  the  study. —  Sixty-one  third 
grade  pupils  from  two  third  grades  in  the  Medford  Public 
School  System  of  Massachusetts  were  given  a  Kuhlmann-Anderson 
Intelligence  Test  in  January  and  a  verbal  problem  test  in 
March. 

The  problem  test  measured  the  pupils'  responses  to: 
(1)  the  four  fundamental  processes  of  addition,  subtraction, 
multiplication,  and  division;  and  (2)  six  key  questions 
based  on  the  understanding  of  the  processes.    Fourteen  one- 
step  verbal  problems,  stated  in  the  conventional  form,  were 
used. 


1/J.  T.  Johnson,  "What  do  we  Mean  by  Meaning  in  Arithmetic," 
Mathematics  Teacher (December .  1948),  41:362-67. 

2/Robert  L.  Burch,  "Formal  Analysis  as  a  Problem-Solving 
Procedure,"  Journal  of  Education  (November,  1953),  136:44-47. 
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The  problem  test  results  were  analysed  in  relation  to 
the  intelligent  quotients  of  the  pupils  involved  in  the 
study,  and  an  item  analysis  was  made  of  the  key  question 
chosen  and  the  fundamental  process  used. 

Organization  of  the  research  report.--  The  remainder  of 
this  study  is  organized  and  divided  into  four  chapters. 

Chapter  Two  includes  a  comprehensive  compilation  of  the 
literature  and  research  on  the  written  problem  that  is  re- 
lated to  the  study,  and  is  subdivided  into  three  sections. 

Chapter  Three  has  to  do  with  the  construction,  ad- 
ministration, and  method  of  scoring  the  problem  test. 

Chapter  Four  analyses  the  results  of  the  problem  test. 
An  analysis  of  specific  test  items  is  included. 

Chapter  Five  deals  with  the  general  summary  and  con- 
clusion of  the  research  report.     It  acKnowledges  the 
limitations  of  the  study  and  suggests  further  research  on 
the  relationship  between  problem-solving  success  and  the 
understanding  of  the  four  fundamental  processes  of  addition, 
subtraction,  multiplication,  and  division. 
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CHAPTER  II 

REVIEW  OF  RELATED  LITERATURE  AND  RESEARCH 
Many  studies  attempting  to  determine  the  causes  of 
success  or  failure  in  problem  solving  have  been  carried  out. 
No  clear-cut  and  successful  method  for  attacking  and  solving 
verbal  problems  has  as  yet  been  found.     Each  research  and 
experimental  study  helped  to  clarify  some  serious  weakness 
in  technique  frequently  used  or  revealed  some  new  data  on 
procedure  or  method.     Therefore,  in  the  study  of  pupils' 
response  on  the  understanding  of  process  meanings  in  the 
solving  of  a  one-step  verbal  problem,  it  is  necessary  to 
consider  some  of  the  research  done  previously  that  is  rela- 
tive to  the  problem. 

The  research  pertinent  to  the  problem  may  be  separated 
into  three  principal  categories.     The  first  category  treats 
the  relation  of  four  factors  to  problem-solving  ability: 
(1)  intelligence,   (2)  arithmetic  computational  skills,  (3) 
vocabulary,  and  (4)  reading  comprehension.     The  second  cate- 
gory deals  with  the  methods  of  problem  solving.     The  third 
category  is  concerned  with  the  nature  of  pupils1  selection 
of  processes  in  the  solution  of  verbal  problems. 

Factors  of  intelligence,   arithmetic  computational  skills, 
reading  comprehension,  and  vocabulary.--  It  is  true  that  a 


child  with  limited  mental  capacity  is  not  able  to  cope  with 
and  solve  a  verbal  problem  as  successfully  as  a  child  with 
more  mental  capacity.    However,  children  whose  mental  ca- 
pacity is  the  same  vary  greatly  in  their  abilities  to  solve 
verbal  problems. 

In  an  attempt  to  determine  factors  that  condition  suc- 
cess in  problem-solving,  Morton  administered  a  battery  of 
tests  to  300  pupils  in  grades  five,  six,  seven,   and  eight 
in  a  small  municipality.     By  means  of  correlation  co-effi- 
cients Morton  found  that  the  ability  to  solve  problems  was 
closely  related  to  intelligence,  computational  arithmetic 

y 

skills,  and  reading  comprehension. 

Engelhart  tried  to  discover  the  factors  which  cause 

difficulty  in  the  solving  of  verbal  problems  by  studying 

the  relationship  of  intelligence,  computational  skills  and 

reading  ability  to  problem-solving.    His  study  involved 

568  fifth-grade  pupils.    Although  he  concluded  that  general 

reading  ability  is  not  an  important  factor,  he  affirmed  the 

importance  and  relation  of  intelligence  and  computational 

2/ 

abilities  to  the  solving  of  problems. 


1/Robert  L.  Morton,  Teaching  Arithmetic  in  the  Elementary 
School,  Silver  Burdett  Company,  New  York,  1937,  2:455-58. 

2/Max  D.  Engelhart,  "Relative  Contribution  of  Certain  Factors 
to  Individual  Differences  in  Arithmetical  Problem  Solving 
Ability,"  Journal  of  Experimental  Education  (September,  1932) 
1:19-27. 
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Hansen  made  a  study  of  a  group  of  sixth-grade  children 
who  were  superior  in  problem  solving.    He  pointed  out  that 
those  who  achieved  success  in  problem  solving  were  equally 
successful  in  regard  to  other  related  factors.     He  lists 
these  factors  as:     (1)  arithmetical  factors,  such  as  com- 
putational skills,  estimation  of  answers,  both  in  computation 
and  in  problem  solving,  abstract  numbers,  problem  analysis, 
sequence  of  numbers,  quantitative  concepts  and  relationships, 
context  clues,  arithmetical  vocabulary;    (2)  mental  factors, 
such  as  differentiation  between  like  and  unlike,  non-verbal 
factors,  analogies,  memory  span  both  immediate  and  delayed, 
arithmetical  inferences,   spacial  relations  and  imagery ;  (3) 
reading  factors,  such  as  interpretation  of  graphs,  tables, 

y 

charts,  general  language,  and  vocabulary  abilities. 

Johnson,  in  an  effort  to  determine  what  intellectual 
factors  were  related  to  the  solving  of  problems,  made  a 
study  on  the  eighth-grade  level.    He  asserted  that  when 
problem  scales  with  numbers  were  used  general  vocabulary  was 
more  closely  related  to  the  solving  of  a  written  problem 
than  general  reasoning  ability.    However,  when  problem  scales 
without  numbers  were  used,   reasoning  ability  ranked  higher 

1/Carl  7/.  Hansen,  "Factors  Associated  with  Successful 
Achievement  in  Problem  Solving  in  Sixth  Grade  Arithmetic," 
Journal  of  Educational  Research  (October,   1944),  33:111-18. 
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than  vocabulary. 

Fernald  says  that  children  of  normal  intelligence  and 
with  no  reading  disabilities  fail  in  arithmetic  because  of 
two  nain  types  of  difficulties:     (1)  lack  of  sufficient  skill 
in  fundamentals  to  enable  them  to  work  rapidly  and  accurate- 
ly even  when  the  methods  of  solving  the  problems  are  correct, 


and  (2)  lack  of  adequate  number  concepts."" 

Schaaf  stated  that  success  in  problem  solving  depends 
upon  the  pupil's  ability  to  understand  arithmetic  skills  in 
regard  to  the  meaning  of  number  and  the  nature  of  the  re- 
lationships between  quantities.     The  pupil  should  be  able 

to  recognize  such  relationships  in  a  wide  variety  of  set- 

2/ 

tings. 

Washburne  conducted  an  investigation  on  the  relation- 
ship of  the  teaching  of  arithmetic  mechanics  to  problem 
solving.     He  formed  two  groups,  an  experimental  and  a  con- 
trol group,  that  were  equated  according  to  abilities  to 
solve  problems,  perform  work,  arithmetic  skills,  mental  and 
chronological  age.     The  control  group  were  taught  the  me- 


1/Harry  C.  Johnson,  "The  Effect  of  Instruction  in  Mathemat- 
ical Vocabulary  Upon  Problem  Solving  in  Arithmetic,"  Journal 
of  Educational  Research  (October,  1944),  38:97-110. 

2/ Grace  M.  Fernald,  "Arithmetic,"  Remedial  Techniques  in 
Basic  School  Subjects,  McGraw-Hill  Book  Company,  New  Xork , 
1953,  p.  217. 

3/William  L.  Schaaf,  "A  Realistic  Approach  to  Problem  Solv- 
ing in  Arithmetic,"  Elementary  School  Journal  (March,  1944), 
44:494-95. 
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chanics  of  arithmetic  before  they  applied  the  skills  learned 
to  problem  solving.     The  experimental  group  were  taught  me- 
chanics and  problem  solving  together.    V/ashburne  found  that 
both  methods  of  teaching  arithmetic  mechanics  were  equally 


successful  in  the  solution  of  the  verbal  problem. 

An  investigation  was  made  by  Kramer  on  "The  Effect  of 
Certain  Factors  in  the  Verbal  Arithmetic  Problem  Upon  Chil- 
dren1 s  Success  in  its  Solution,"    She  considered  four  fac- 
tors:    (1)  amount  of  interest;   (2)  sentence  structure;  (3) 
vocabulary  difficulties;  and  (4)  amount  of  detail.    As  a 
result  of  this  study,  Cramer  concluded  that  problems  contain- 
ing familiar  words  and  less  detail  achieved  better  results 
in  regard  to  the  successful  solution  of  verbal  problems  than 


those  containing  unfamiliar  words  and  more  detail. 

Johnson  tried  to  find  out  whether  improvement  in  arith- 
metical vocabulary  had  any  bearing  on  the  success  of  prob- 
lem solving  when  the  words  were  used  in  problems.    He  worked 
with  $98  seventh-grade  pupils  in  28  classes.     Based  on  test 
results,  Johnson  grouped  the  pupils  homogenously  as  to  their 
abilities  in  vocabulary,  reading,  solving  of  problems,  and 


1/Carleton  W.  Washburne,  "Comparison  of  Two  Methods  of  Teach-J 
Tng  Pupils  to  Apply  the  Mechanics  of  Arithmetic  to  the  Solu- 
tion of  Problems,"  Elementary  School  Journal  (June,  1927), 
37:758-67. 

2/Grace  A.  Kramer,  "The  Effect  of  Certain  Factors  in  the 
Verbal  Arithmetic  Problem  Upon  Children's  Success  in  Its 
Solution,"  Johns  Hopkins  University  Studies  in  Education, 
Number  20,  Johns  Hopkins  Press,  Baltimore,  1933,  p.  106. 
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chronological  age.    Both  the  control  group  of  282  children 
and  the  experimental  group  of  316  children  were  given  tests 
on  arithmetical  vocabulary,  problem  solving,   and  the  material 
taught  during  their  regular  school  time  over  a  14  week  period. 
Every  word  tested  in  the  vocabulary  test  was  included  in  the 
problems  of  the  problem  test.     At  the  end  of  the  investi- 
gation, Johnson  discovered  that  although  there  was  little 
difference  in  specific  learnings  between  the  two  groups, 
there  was  a  growth  in  vocabulary  learning  in  the  experimental 

37 

group  where  the  learning  of  vocabulary  was  emphasized, 

Stevenson  contended  that  familiarity  with  arithmetical 
vocabulary  was  important  to  the  successful  solution  of  verbal 
problems.    He  pointed  out  that  teachers  do  not  relize  that 
children  do  not  understand  many  word  meanings  and  technical 
words  used  in  arithmetic.     Many  arithmetic  textbooks  employ 
words  continuously  that  are  unfamiliar  to  the  average  pupil. 
Stevenson  believes  that  this  failure  to  understand  the  mean- 
ings of  arithmetical  terms  is  often  the  cause  of  difficulty 

II 

in  problem  solving. 

Pressey  and  Moore  made  an  investigation  on  the  growth 
of  arithmetical  vocabulary  from  grades  three  through  12.  In 
the  study,  a  list  of  arithmetical  words  was  given  to  the 
pupils  involved.    As  a  result  of  this  study,  Pressey  and 


1/Harry  C.  Johnson,  loc.  cit. 

2/P.  R.  Stevenson,  "Difficulties  in  Problem  Solving,"  Journal 
of  Educational  Research  (February,  1925),  11: 95-103 • 
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Moore  concluded  that  one  of  the  most  important  difficulties 
in  problem  solving  was  caused  by  lack  of  sufficient  knowledge 
of  fundamental  terms.    They  stated  that  fundamental  terms 
should  be  used  in  problem  situations  that  are  within  the 
child's  own  level  of  experience,  not  used  in  isolated  vo- 

y 

cabulary  drill. 

On  the  other  hand,  Foran  believes  that  there  is  as  much 

need  to  teach  arithmetical  vocabulary  as  there  is  to  teach 

the  fundamental  processes.     The  fundamental  processes  cannot 

be  understood  without  knowledge  of  the  technical  mathematical 
i/ 

language  used. 

In  an  endeavor  to  measure  the  factors  relative  to 
pupils'  success  or  failure  in  problem  solving,  Treacy  made  a 
study  of  244  good  and  poor  achievers  in  grade  seven.  By 
combining  the  scores  of  the  Analytical  Scales  of  Attainment 
and  the  Public  School  Achievement  test,  Treacy  separated  the 
pupils  into  two  equal  groups,  80  pupils  in  each  group.  Those 
who  attained  the  highest  scores  on  the  tests  were  designated 
as  good  achievers.     Those  who  scored  the  lowest  were  desig- 
nated as  poor  achievers.    The  good  achievers  were  found  to 
be  more  excellent  in  the  solution  of  verbal  problems  than 

1/L.  C.  Pressey  and  W.  S.  Moore,  "The  Growth  of  Mathematical 
Vocabulary  from  the  Third  Grade  through  High  School,"  School 
Review  (June,  1932),  60:449-54. 

2/T.  G.  Foran,  "The  Reading  of  Problems  in  Arithmetic," 
Catholic  Educational  Review  (December,  1933),  31:601-12. 
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the  poor  achievers  in  regard  to  several  factors.     Four  of 

y 

these  factors  had  to  do  with  vocabulary. 

Hickerson  says  that  the  pupil's  ability  to  read  verbal 
problems  depends  upon  the  child's  mental  maturity,  the  simi- 
larity of  the  situations  in  the  verbal  problem  to  the  child's 
own  experience,  the  child's  oral  language  development,  his 
knowledge  and  understanding  of  the  terms  and  symbols  used  in 
the  problem,  his  ability  to  know  what  these  terms  and  symbols' 
mean  and  his  ability  to  visualize  the  words  and  symbols  con- 
cretely in  the  problem  situation.    When  the  child  has  suc- 
ceeded in  changing  these  word  symbols  into  images,  ideas,  anc 
concepts,   then  the  child  must,  according  to  Hickerson,  per- 
form these  tasks: 

"1.  The  child  must  know  what  to  do  with  the  numbers: 
add,  subtract,  multiply,  and/or  divide. 

2.  If  he  cannot  perform  the  computation  mentally  he 
must  know  how  to  write  the  numbers  in  positions  rel- 
ative to  each  other  that  are  convenient  for  calcu- 
lation.']^/ 

It  should  be  noted  that  as  a  result  of  careful  diag- 
nostic studies,  Brueckner  compiled  a  list  of  causes  of  pupil 
difficulty  in  problem  solving.     Among  the  nine  causes  given, 
four  are  significant  to  note  here: 

1/John  Patrick  Treacy,  Tne  Relation  of  Reading  Skills  to  the 
Ability  to  Solve  Arithmetic  Problems,  Unpublished  Doctor's 
Thesis,  University  of  Minnesota,  1942. 

2/ J".  Allen  Hickerson,  Guiding  Children's  Arithmetic  Experi- 
ences, Prentice-Hall,  Inc. ,  New  York,  1952,  pp.  8-9. 
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"(1)  Failure  to  comprehend  the  problem  in  whole 

or  in  part,  due  to  inferior  reading  ability... 

(2)  Inability  to  perform  the  computations  involved 
either  through  forgetting  of  the  procedure  or 
failure  to  learn  it. 

(3)  Ignorance  of  quantitative  relations  due  to  the 
lack  of  vocabulary.... 

(4)  General  lack  of  mental  ability. "1/ 

Methods  of  solution. —  It  often  is  asserted  that  pupils 
seem  to  make  the  best  progress  in  the  solution  of  verbal 
problems  if  some  definite  plan  or  method  is  taught  to  them. 
At  the  present  time,  however,  it  is  not  known  just  what  is 
the  best  method  for  a  given  pupil  at  a  given  time.  The 
following  methods  are  those  that  are  most  commonly  used  and 
known. 

1.  The  conventional  formula  or  formal  analysis  method. 

2.  The  analogies  method. 

3.  The  individual  method. 

4.  The  graphic  method. 

The  conventional  formula  or  formal  analysis  method  is 
probably  the  method  used  by  the  vast  majority  of  teachers 
and  pupils.     This  method  has  a  definite  "formula"  which 
attempts  to  develop  skill  in  problem  solving  by  the  teaching 
of  steps.     These  steps  usually  follow  this  pattern: 

1/Leo  J.  Brueckner,  "Improving  Pupils'  Ability  to  Solve 
Problems,"  Journal  of  the  National  Educational  Association 
(June,  1932],  31:175-76. 

o\ - 
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1.  What  is  asked? 

2.  What  is  given? 

3.  How  should  these  facts  be  used  to  secure  the  answer? 

4.  What  is  the  answer? 

In  an  attempt  to  discover  the  best  way  of  solving  prob- 
lems, Newcomb  administered  the  Stone  Reasoning  Test  to  six 
seventh  and  eighth  grade  classes.     On  the  basis  of  the  scores 
of  the  test,  he  divided  the  pupils  into  an  experimental  and 
a  control  group.    The  control  group,  consisting  of  two 
classes  of  seventh  and  eighth  grade  pupils,  was  instructed 
to  solve  problems  by  the  usual  method.    The  experimental 
group,  consisting  of  four  classes,  was  instructed  to  follow 
this  method: 

"1.  Understand  each  word  in  the  problem. 

2.  Read  the  problem  intelligently. 

3.  Add,  subtract,  multiply,  and  divide  with  speed 
and  accuracy. 

4.  Determine  what  is  given  in  the  problem. 

5.  Determine  the  part  required. 

6.  Select  the  different  processes  to  be  used  in  the 
solution  and  the  order  in  which  these  processes 
are  to  be  used. 

7.  Plan  the  solution  wisely  and  systematically." 
At  the  end  of  a  six-week  period,  the  Stone  Reasoning 

Test  was  repeated.     The  test  results  showed  that  the  ex- 
perimental group  exceeded  the  control  group  in  both  speed 
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and  accuracy. 

Hanna  made  a  study  of  tile  comparative  values  of  the 
different  ways  of  solving  problems.  He  administered  tests 
(four  were  standardized  tests,  two  of  which  were  the  Stan- 
ford Achievement  Test  in  Arithmetic  Reasoning,  and  the  New 
Stone  Reasoning  Test)  to  1000  pupils  of  the  fourth  and  sev- 
enth grades.  He  compared  the  following  methods  of  problem 
solving: 

(1)  The  dependencies  method  focuses  attention  on  the 
factor  that  is  to  be  found  in  the  problem,  and  this  factor 
is  dependent  upon  another  factor,  and  so  on  until  the  most 
important  facts  of  the  whole  problem  are  clarified.     For  ex- 
ample:    "Harry  paid  equal  fares  for  himself  and  three  of  his 
friends.     He  gave  the  conductor  a  dollar  bill  and  received 
60  cents  in  change.     How  much  was  the  carfare  for  each  per- 
son?"   The  dependencies  method  would  suggest  this  approach: 
Since  the  problem  asks  what  a  single  fare  is,  it  is  evident 
that  a  single  fare  is  "dependent"  upon  the  amount  spent  and 
upon  the  number  of  persons  involved.     But  the  amount  spent 
"depends"  upon  the  amount  given  to  the  conductor  minus  the 
change  received.     Finally,  a  single  fare  is  dependent  upon 
the  amount  spent  related  correctly  to  the  number  of  persons 
involved.    Thus  it  is  seen  that  one  factor  is  related  to  or 


1/R.  S.  Newcomb,  "Teaching  Pupils  How  to  Solve  Problems  in 
Arithmetic,"  nileiuentary  School  Jounnal  (November,  1922), 
23:183-89. 
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"depends"  upon  another. 

(2)  The  graphic  method  stresses  the  use  of  a  diagram 
in  setting  out  the  problem  relationships.    Using  the  same 
problem  as  stated  before,  the  graphic  method  would  be  applied 
in  this  manner: 


( 

(Amount  spent 
( 

Cost  of  one  fare 

(Number  of  persons 


(Amount  to  conductor 

(  minus 

(  change  received 


$1.00 
$  .60 


4  or  (14-3)  17/ 

(3)  The  individual  method  allows  the  child  to  use  his 
own  devices  in  the  solving  of  the  problem.     There  is  no  set 
pattern  given  him  to  follow.    He  c  an  make  his  own  computa- 
tions on  the  prepared  mimeographed  sheets. 

(4)  The  conventional-formula  method  tells  the  pupils  to 
follow  the  set  pattern  as  stated  before  under  the  convention- 
al formula. 

The  results  of  this  study  on  the  comparative  values  of 
various  ways  of  solving  problems  showed  that  the  individual 
and  dependencies  methods  were,  according  to  statistics,  sup- 

y 

erior  to  the  conventional-formula  method. 

In  a  comparative  study  of  two  methods  of  problem  solving 
Monroe  and  .dngelhart  matched  from  600  fifth-grade  pupils  in 
26  classes  in  13  schools  101  pairs  of  pupils  whose  intell- 


1/E.  L.  Ritter  and  L.  A.  Shepard,  Methods  of  Teaching  in 
Town  and  Rural  Schools,  The  Dryden  Press,  New  York,  1950, 
pp.  394-95. 
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igence  quotients  and  chronological  ages  were  the  same.  At 
the  beginning  of  the  experiment,  the  New  Stanford  Reading 
Test  and  the  New  Stanford  Arithmetic  Test  were  administered 
and  the  means  and  standard  deviations  were  compared  and  tab- 
ulated according  to  equal  valences.     The  control  group  was 
directed  to  follow  the  usual  problem  solving  procedure  while 
the  experimental  group  was  directed  to  define  terms,  to  re- 
state and  formulate  new  problems,  and  to  diagram  the  given 
facts  of  the  problems.     At  the  conclusion  of  the  experiment, 
final  tests  similar  in  form  to  the  initial  tests,  showed  that 

y 

there  was  no  significant  difference  between  the  two  groups. 

Thiele  made  an  investigation  in  which  he  tried  to  find 
the  best  procedure  for  solving  problems  by  comparing  three 
methods  of  instruction.    He  equated  1200  fourth -grade  child- 
ren on  the  basis  of  scores  attained  on  the  Stanford  Achieve- 
ment Test.     Over  a  15-week  period  three  groups  were  taught 
three  different  methods  of  solving  the  same  sets  of  problems. 

The  first  method  was  the  Association  Method.    In  the 
Association  Method  the  pupils  were  given  sets  of  one-step 
problems.     The  first  set  was  done  by  both  the  teacher  and 
pupils  together  and  was  used  as  a  model  for  the  rest  of  the 
sets.     If  a  pupil  was  unable  to  solve  a  problem,  he  turned 
to  the  model.     In  this  way  the  pupils  associated  the  prob- 


1/Walter  S.  Monroe  and  Max  D.  Engelhart,  "The  Effectiveness 
of  Systematic  Instruction  in  Reading  Verbal  Problems  in 
Arithmetic,"  Elementary  School  Journal  (January,  1933),  33: 
183-89*  
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lems  they  were  solving  with  those  problems  completed  in  the 
mod  el . 

The  second  method  was  the  Analysis  A4ethod.     In  the 
Analysis  Method  the  pupils,  by  a  multiple-choice  procedure, 
were  directed  to  select  answers  that  were  concerned  with  the 
"You  are  told,"  "You  must  find  out,"  and  "This  is  the  right 
way  to  solve  this  problem"  aspects  of  problem  solving. 

The  third  method  was  referred  to  as  the  Vocabulary 
Method.    In  the  Vocabulary  Method,  the  pupils  were  told  to 
select  the  correct  important  word  that  was  purposely  omitted 
from  the  problems. 

At  the  end  of  the  experiment  the  Stanford  Achievement 
Test  was  given  and  the  results  showed  that  the  Association 

y 

Method  was  superior  to  the  other  methods. 

Spitzer  says  that  relying  heavily  on  the  formal  analysis 
method  is  not  a  desirable  practice.    It  is  only  when  the 
problem-solving  act  is  analyzed  that  the  steps  of  the  formal 
analysis  method  become  clearly  identified,  for,  in  actual 
practice,  the  steps  are  intermingled.     Spitzer  terms  the 
formal  analysis  method  as  "an  example  of  unrealistic  think- 
ing."   The  use  of  steps,  he  continues,  encourages  pupils  to 
read  carelessly.    The  pupils  do  not  read  the  problems  for 


1/C.  L.  Thiele,  A  Comparison  of  Three  Instructional  Methods 
in  Problem  Solving.  Research  on  the  Foundations  of  American 
Education,  Official  Report  of  the  American  Educational  Re- 
search Association,  1939,  American  Educational  Research 
Association,  Washington,  1939,  p.  215. 


81 


Xi3iJvtO£>  ilx 

iol  ameici 


19 


the  second  and  third  time.     Spitzer  concluded  by  suggesting 
that:     "If  practice  on  the  formal  analysis  steps  of  problem- 
solving  is  to  be  efficient,  then  each  step  should  be  prac- 

y 

ticed  on  a  separate  sheet  of  problems." 

Morton  does  not  recommend  following  a  stereotyped  meth- 
od.    He  says  that  problem  solving  is  the  development  of  the 
ability  to  think,  and  thinking  is  only  accomplished  by 
providing  experiences  and  aids.     Although  he  does  not  recom- 
mend the  formal  analysis  method  he  feels  that  it  is  necessary 
for  the  child  to  "read  the  problem,  think  about  the  story 

2/ 

which  is  told,   and  think  about  the  question  asked." 

Spencer  and  Brydegaard  say  that  verbal  problems  are  not 
merely  a  chance  for  more  drill  with  number  facts  and  skills 
and  for  the  deciphering  of  words  to  the  "tune  of  a  one-step, 
a  two-step,  a  three-step,  or  some  other  step."    The  class- 
room should  be  a  laboratory  for  experimentation  and  that  by 

experimenting  with  things  and  the  ideas  of  things  the  basic 

3/ 

relationships  will  be  formed. 

Wheat  says  that  there  are  two  questionable  ways  of 
attacking  the  solution  of  the  problem.     One  way  is  the 

1/Op.  cit.,  p.  201. 

2/Robert  L.  Morton,  Teaching  Children  Arithmetic,  Silver 
Burdett  Company,  New  York,  1953,  p.  493. 

3/Peter  Lincoln  Spencer  and  Marguerite  Brydegaard,  Building 
Mathematical  Concepts  in  the  Elementary  School,  Henry  Holt 
and  Company,  New  York,  1952,  pp.  314-15. 
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routine  method  of  finding  the  solution  as  quickly  as  possible 
and  the  other  way  is  the  drawing  of  problems  from  other  ac- 
tivities, thus  interrupting  the  activity  and  giving  the 
problem  a  supplementary  as  well  as  a  supporting  place  in  the 
activity.    As  a  result,  Wheat  continues,  we  provide  problems 
which  have  no  sequence  and  which  fail  to  show  any  similarity. 
This  inevitably  confuses  the  pupils  and,  he  says,  "If  they 
are  not  doubtful  when  they  begin,  they  soon  become  doubtful." 
Wheat  suggested  that  we  should  provide  pupils  with  problems 
that  purport  to: 

"(1)  Develop  through  practice  in  recognition 
number  ideas  already  gained. 

(2)  Guide  the  study  of  situations  when  the  pupils 
have  developed  the  number  ideas  that  make 
possible  such  study. "1/ 

It  should  be  pointed  out  here  that  it  is  most  probable 

that  more  benefit  will  be  derived  from  the  combinations  of 

the  various  methods  than  from  the  use  of  one  method.  As 

Monroe  and  Engelhart  state: 

"It  may  be  concluded,  therefore,   that  several 
methods  of  teaching  pupils  to  solve  verbal  problems  in 
arithmetic  are  feasible;   but  the  effectiveness  of  these 
methods  in  practice  depends  to  a  large  extent  upon  the 
zeal  and  skill  of  the  teacher  using  them. "2/ 

Selection  of  Processes. —  Although  Washburne  and  Osborne 

were  mainly  concerned  with  the  relationship  between  the  for- 


1/Harry  Grove  Wheat,  How  to  Teach  Arithmetic,  Row,  Peterson 
and  Company,  Evanston,  Illinois,  1951,  pp.  332-36. 

2/Loc.  cit. 


eritf  aiiJtvJt&  *>flB  x^-tv^06 

■ 

.^jtliBlimlB  Nine  wo  da  ot  iifl!  do  ill*  bnis 
Yeiitf  1IW  ,EY«e  eri  ,*ma  aiiquq  art?  3 
M  •  ijj'l^cluo sow 090  noofc  ^©cj  t  *is  *> 


ao  Id 


ni  Bins/doiq  lfid'iev  p vloe  oj  bj.i  ^ 
■ 

,j    eriJ  aoqu  tfnejxe  ©stiBl  b  oj  e  j~  4 

•ernotieO  faiiB  sirii/driesW  ri^uori  JiA      •  <*©i 
-10 1  eiiJ  ueewjed  qinBao : JBien  odj 

no8i©J©cl  ,wcm  .oijciarlJi'pt  ficg9T  cj_ 


21 

mal  analysis  method  and  success  in  problem  solving,  they  did 
conclude  from  one  of  the  items  used  in  their  test  forms  that 
"there  was  a  slight  relationship  between  ability  to  solve 
the  problem  and  the  ability  to  tell  the  process  that  should 
be  used  in  solving  it."l/ 

Monroe  tried  to  determine  the  extent  to  which  seventh- 
grade  pupils  used  reason  or  applied  methods  of  habitual  steps 
in  the  solving  of  problems.     Four  sets  of  tests  were  devised 
so  that  a  comparison  could  be  made  on  pupils'  responses  to 
"certain  types  of  statements  of  the  same  problems."  He 
concluded  "that  a  correct  answer  is  not  proof  of  reasoning 

ability  but  may  be  the  result  of  a  habit  formed  in  solving 

2/ 

a  certain  type  of  problem." 

In  an  attempt  to  measure  the  effect  of  drill  in  the 
selection  of  the  correct  fundamental  process,  Green  ad- 
ministered a  test  consisting  of  eight  forms,  each  form  hav- 
ing 16  problems,  to  an  experimental  group  of  sixth-grade 
pupils.     The  pupils  were  directed  to  indicate  the  process 
used  for  the  solution  of  the  problem.     The  control  group 
was  given  no  practice.     At  the  end  of  the  practice  period, 
the  Monroe  Standardized  Reasoning  Test  in  Arithmetic  was 


1/Carleton  W.  Washburn e  and  Raymond  Osborne,  "Solving 
Arithmetic  Problems,"  Elementary  School  Journal  (November 
and  December,  1926),  27:219-26,  296-304. 

2/Walter  S.  Monroe,  "How  Pupils  Solve  Problems  in  Arith- 
metic," Elementary  School  Journal  (May,  1929),  29:644-45. 
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given  to  both  groups.  On  the  basis  of  a  percentage,  Greene 
concluded  that  drill  in  the  selection  of  processes  was  val- 

y 

uable. 

Lutes  was  primarily  concerned  with  determining  the  best 
method  in  the  successful  solution  of  problems.     However,  it 
is  interesting  to  note  that  one  of  the  three  methods  he  de- 
vised, the  "Choosing-Operations"  method,  dealt  with  the 
selection  of  processes.    In  the  Choosing-Operations  method, 
the  pupils  were  required  to  indicate  the  correct  process  for 
the  solving  of  the  problem  and  to  choose  the  facts  given. 
The  two  other  methods  were  the  Computational  method  and 
the  Choosing-Solution  method,     i^utes  concluded  that  the 

computational  method  attained  the  greatest  degree  of  suc- 
1/ 

cess. 

Spache  formulated  an  arithmetic  reasoning  test  on  the 
steps  of  formal  analysis  that  tried  to  measure  not  only  the 
solution  of  the  problem  but  the  ability  of  the  pupils: 
"(1)  "to  recognize  or  understand  the  facts  given. 

(2)  to  decide  what  facts  are  to  be  found  in  solving 
the  problem. 

(3)  to  choose  the  appropriate  arithmetical  computations 
to  be  employed. 


1/0.  S.  Lutes,     An  Evaluation  of  Three  Techniques  for 
Improving  Ability  to  Solve  Arithmetic  Problems,  University 
of  Iowa  Lonographs  in  Education,  First  Series,  Number  6, 
University  of  Iowa,  Iowa  City,  1926,  p.  41. 
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(4)  to  estimate  a  probable  answer. 

(5)  to  execute  the  solution." 

The  test  contained  16  problems  and  was  administered  to 
158  pupils  in  grades  five  and  six.     The  highest-scoring 
27  per  cent  and  the  corresponding  lowest  scoring  27  per  cent 
were  found,  and  an  item  analysis  was  made  on  the  basis  of 
the  two  percentages. 

Spache  pointed  out  that  the  test  results  discriminated 
between  the  high-and-low  scoring  pupils  in  their  abilities 
to  read  and  write  numbers,  signs,  and  symbols,  and  in  their 
vocabulary  abilities,  but  the  results  showed  little  differ- 
ence in  the  pupils'  abilities  to  select  the  correct  process 

y 

and  to  solve  the  actual  problems. 

In  an  effort  to  determine  the  extent  pupils  used  the 
formal  analysis  method,  Burch  made  written  records  of  pupils* 
responses  to  problems  by  means  of  individual  pupil  inter- 
views.    Twelve  fourth-grade,  17  fifth-grade,  and  22  sixth- 
grade  pupils  were  required  to  read  the  problems  aloud  and 
to  think  aloud  as  they  solved  the  problems.    Then  pertinent 
questions  were  asked  concerning  the  problem  solutions.  The 
pupils  interviewed  were  those  who  were  able  to  use  the  for- 
mal analysis  method  independently.     The  pupils'  responses 
were  tallied  and  compared  to  find  out  what  per  cent  of 

1/George  Spache,  "A  Test  of  Abilities  in  Arithmetic  Reason- 
ing," Elementary  School  Journal  (April,  1947),  47:442-45. 
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correct  responses  had  preceded  correct  algorisms.    The  same 
pupils  took  both  a  formal  analysis  test  and  a  non-analytic 
test,  and  it  was  found  that  the  scores  were  higher  in  the 
test  that  did  not  require  the  pupils  to  use  a  formal  analy- 
sis.   Although  Burch  recognizes  the  fact  that  pupils  do 
better  in  the  solving  of  verbal  problems  when  they  have  some 
pattern  to  follow,  he  states:     "Much  of  the  time  devoted  to 
the  teaching  of  formal  analysis  might  well  be  better  spent 
in  guiding  pupils  to  think  more  carefully  about  size,  re- 
lationships, and  the  dynamics  of  the  quantities  described 

y 

in  each  problem. 

Summary . —  In  summarizing  the  material  presented  on 
those  aspects  of  problem  solving  that  are  related  to  this 
study,  the  following  conclusions  may  be  drawn: 

1.  That  intelligence,  together  with  factors  of  arith- 
metic computational  (meaning  of  numbers,  relation- 
ships between  quantities,  arithmetical  mechancis); 
reading  comprehension  (abilities  to  interpret  graphs, 
tables,  charts,  and  general  language  ability);  and 
vocabulary  abilities  (knowledge  of  the  meanings  of 
arithmetical  terms  and  symbols),  are  all  related  to 
the  successful  solution  of  problems. 

2.  That,  at  the  present  time,  the  best  method  of  solu- 


1/Robert  L.  Burch,  "Formal  Analysis  as  a  Problem  Solving 
Procedure,"  Journal  of  Education  (November,  1953),  pp.  44- 
47. 
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tion  for  a  given  pupil  at  a  given  time  is  not  known.  That, 
even  though  the  formal  analysis  or  conventional-formula 
method  is  the  most  commonly  used  and  known  method,  the  de- 
pendencies, graphic,  individual,  association,  and  vocabulary 
methods  are  superior  under  some  circumstances.    However,  the 
effectiveness  of  methods  used  depend  upon  the  "zeal  and  the 

u 

skill  of  the  teacher  using  them." 


1/Monroe  and  Engelhart,  loc.  cit» 


CHAPTER  III 
PLAN  AND  PROCEDURE  OF  INVESTIGATION 

Organization  of  test. —  Fourteen  one-step  problems,  two 
for  each  process  of  addition,  subtraction,  multiplication  and 
division  were  selected  from  the  third-grade  arithmetic  text- 
book series,  Growth  in  Arithmetic,  published  by  the  World 
Book  Company*    The  14  problems  were  worded  in  the  usual  way — 
statement  of  facts  followed  by  a  question.    As  the  pupil 
solved  the  problem,  he  was  directed  to  follow  the  steps 
listed  on  a  separate  sheet  which  he  used  as  a  guide  in 
filling  out  the  two  blocks  before  each  problem.     (See  p. 2+3) 

In  the  first  block,  the  pupil  was  told  to  write  the 
process  he  would  use  in  solving  the  problem  and  in  the  sec- 
ond block,  he  was  to  write  the  number  of  the  key  question 
based  on  what  the  problem  asked  him  to  find.    Although  the 
number  of  the  key  question  might  have  preceded  the  process, 
the  children  involved  in  the  study  were  familiar  with  the 
selection  of  process.     Therefore,  it  seemed  logical  to 
approach  the  situation  from  the  familiar  rather  than  from 
the  unfamiliar.     After  each  problem,  a  work  space  and  an 
answer  column  for  the  pupils*  solutions  was  provided. 

In  order  to  restrict  the  problems  to  the  primary  pur- 
pose of  this  study,  that  of  determining  whether  or  not  the 
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solving  of  a  one-step  verbal  problem  has  any  relation  to  the 
understanding  of  the  four  fundamental  processes,  an  effort 
was  made  to  choose  only  those  problems  that  were  worded  in 
a  simple  manner.     Some  of  the  words  in  the  interrogative 
part  of  the  problems  were  changed  when  they  were  too  closely 
related  to  the  six  key  questions. 

Administration  of  test« —  Sixty  one  children,  30  boys 
and  31  girls,  of  two  third-grade  classes  in  the  Medford  Pub- 
lic Schools  were  given  the  test  in  the  latter  part  of  March. 
There  was  no  time  limit  set  on  the  test,  each  child  being 
given  sufficient  time  to  complete  the  test. 

Compilation  of  data. —  The  test  items  were  scored 
separately  on  the  selection  of  process,  the  selection  of 
the  number  of  the  key  question,  and  on  the  answer  given  to 
the  problem.     Three  scores  were  recorded:     (1)  number  right, 
based  on  selection  of  process  only;    (2)  number  right,  based 
on  selection  of  the  number  of  the  key  question;    (3)  number 
right,  based  on  selection  of  correct  answer. 

Frequency  distributions  for  each  kind  of  score  were 
drawn  up  and  are  presented  in  the  following  chapters,  along 
with  other  distributions  which  aid  in  the  analysis  of  the 
data. 
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CHAPTER  IV 
ANALYSIS  OF  DATA 

In  consideration  of  pupils*  performance  in  the  problem 
test,  it  is  necessary  to  point  out  that  the  pupils  were  able 
to  follow  any  method  of  their  own  for  the  successful  solution 
of  problems.    It  is  reasonable  to  assume  that  if  a  pupil 
designates  the  correct  process  and  solves  the  problem  suc- 
cessfully he  will  be  able  to  choose  the  key  question  that  is 
based  on  the  meaning  of  the  problem  he  has  solved.  However, 
a  pupil  may  be  able  to  solve  a  problem  successfully  and  still 
be  unaware  of  the  underlying  meaning  of  the  process. 

In  order  to  summarize  the  performance  of  the  group  in  a 
more  meaningful  way,  tables  have  been  used.    These  tables 
present  frequency  distributions  of  test  scores  and  their 
measures  of  central  tendency  variability. 

Table  1  shows  the  distribution  of  the  Intelligence 
Quotients  as  obtained  from  the  Kuhlmann-Anderson  Intelligence 
Test  given  to  two  classes  of  Grade  III  in  January,  1953. 
There  was  a  wide  variability  of  scores,  ranging  from  the  high- 
est score  of  127  to  the  lowest  score  of  82.    The  mean  of  the 
distribution  of  the  intelligence  quotients  was  105.85,  and 
the  standard  deviation  was  9.17. 

Table  2  reveals  how  successful  pupils  were  in  the  se- 
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Table  1.  Distribution  of  Intelligence  Quotients 


IoQ,. 

Frequency 

126  - 

1 

123  - 

125  

0 

120  - 

1 

117  - 

119  

5 

✓ 

114  - 

116  

7 

i 

111  - 

113  

L 

108  - 

110  

7 
• 

105  - 

10 

102  - 

9 

99  - 

101  

6 

96  - 

98  

3 

93  - 

95  

2 

90  - 

92  

3 

87  - 

89  

1 

84  - 

86  

0 

81  - 

83  

2 

N=  61 
M=  105»85 
S.D.=  9.17 


Table  2.  Distributions  of  Process  Scores,  Question  Scores, 
and  Computation  Scores 


Scores 

> — — — —  -«> 

Frequency 

Process 

Question 

Computation 

14 

12 

8 

13 

7 

9 

12 

12 

8 

11 

9 

6 

11 

10 

8 

1 

5 

9 

7 

3 

5 

8 

2 

2 

3 

7 

1 

10 

6 

6 

6 

<c 

11 

JL  J. 

3 

5 

0 

13 

1 

4 

0 

9 

2 

a 
.? 

1 

3 

u 

0 

3 

n 
u 

N  = 

61 

61 

61 

M  = 

11.19 

6.08 

10.46 

S.D.  = 

2.53 

2.  54 

2.73 
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lection  of  process,  the  selection  of  the  key  question,  and 
the  selection  of  the  correct  answer  in  the  problem  test.  The 
Process  Scores  ranged  from  the  highest  possible  score  of  14 
to  the  lowest  score,   three;  the  Question  Scores  ranged  from 
the  highest  score  of  11  to  the  lowest  score  of  two;  and  the 
Computation  Scores  ranged  from  the  highest  score  of  14  to 
the  lowest  score  of  four. 

The  mean  of  the  distributions  of  the  Process  Scores  was 
11.19  and  the  standard  deviation  was  2.53;  the  mean  of  the 
distributions  of  the  Question  Scores  was  6.08  and  the  stand- 
ard deviation  was  2.54;  and  the  mean  of  the  distribution  of 
the  Computation  Scores  was  10. 46  and  the  standard  deviation 
was  2.73. 

Table  3  presents  the  difference  scores  between  the 
Process  and  Computation,  the  Process  and  Question,  and  the 
Computation  and  Question.     The  difference  score  of  the 
Process  and  Computation  ranged  from  the  highest  score  of 
five  to  the  lowest  score  of  minus  three;  the  difference  score 
of  the  Process  and  Question  ranged  from  the  highest  score  of 
10  to  the  lowest  score  of  zero;  and  the  difference  score  of 
the  Computation  and  Question  ranged  from  the  highest  score 
of  nine  to  the  lowest  score  of  minus  three. 

The  mean  of  the  Process  minus  Computation  was  0.74  and 
the  standard  deviation  was  1.47;  the  mean  of  Process  minus 
Question  was  5.11  and  the  standard  deviation  was  2.48;  and 


Table  3.  Distributions  of  Differences  between  Scores 


Frequency 

Differences 

Process 
Minus 
Computation 

Process 

Minus 
Question 

Computation 
Minus 
Question 

10 

1 

9 

5 

2 

8 

6 

7 

11 

Nm.  7 

6 

6 

n 

5 

1 

2 

5 

4 

0 

9 

8 

7 

12 

6 

2 

9 

6 

9 

1 

15 

2 

4 

0 

1  Q 

1 

Am 

-  1 

8 

0 

o 

-  2 

0 

0 

0 

-  3 

2 

0 

1 

N  = 

61 

61 

61 

M  = 

0.74 

5.11 

4.38 

S.Do  = 

1.47 

2.48 

2.59 

1 
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the  mean  of  the  Computation  minus  Question  was  4.38  and  the 
standard  deviation  was  2.59. 

Three  null  hypotheses  were  tested: 

(1)  There  is  no  significant  difference  between  Process 
Scores  and  Computation  Scores. 

(2)  There  is  no  significant  difference  between  Process 
Scores  and  Question  Scores. 

(3)  There  is  no  significant  difference  between  the 
Computation  Scores  and  Question  Scores. 

The  data  used  in  testing  these  hypotheses  are  summarized 
in  Table  4. 

Table  4.  Summary  of  Tests  of  Significance 


Scores 

Process 
Minus 
Computati  on 

Process 
Minus 
Question 

Computation 
Mi  nus 
Question 

M. 

0.74 

5.11 

4.38 

S.D. 

1.47 

2.48 

2.59 

SE* 
diff 

0.19 

0.32 

0.33 

t** 

3.89*** 

15.97*** 

13.27*** 

SE 


diff 


S.D.  of  Distribution  of  Differences 

Mean  of  Distribution  of  Differences 

SE 


diff 

***  Significant  beyond  the  1%  level,  since  t  exceeds  2.66 
for  df  -  60. 


.  sen 


34 


In  relation  to  the  first  null  hypothesis,  the  mean 
difference  of  0,74  between  Process  Scores  and  Computation 
Scores  was  found  to  be  statistically  signif icant  in  favor  of 
the  Process  Scores,  and  the  null  hypothesis,  therefore,  was 
rejected. 

In  relation  to  the  second  null  hypothesis,  the  mean 
difference  of  5.11  between  Process  Scores  and  Question 
Scores  was  found  to  be  statistically  significant  in  favor  of 
the  Computation  Scores,  and  the  null  hypothesis,  therefore, 
was  rejected. 

The  relationship  between  the  Intelligence  Quotients  and 
Process  Score,  and  between  the  Intelligent  Quotients  and 
Question  Score  was  investigated  by  finding  appropriate  corre- 
lation coefficients.     The  coefficient  between  Intelligence 
Quotients  and  Process  Score  was  0.24;  the  coefficient  be- 
tween Intelligence  Quotients  and  Question  Score  was  0.23. 

None  of  these  coefficients  was  significant,  since  for 
df  -  59,  r  must  equal  .253  to  be  significant  at  the  five  per 
cent  level,  or  .328  to  be  significant  at  the  one  per  cent 
level.    Thus,  we  have  no  cause  to  reject  the  null  hypotheses 
that  Process  Selection  and  Question  Selection  are  unrelated 
to  Intelligence  Quotients. 

So  that  the  pupils'  performance  on  each  specific  item 
of  the  test  may  be  viewed  more  fully,  a  chart,  showing  the 
pupils'  selections  of  the  six  key  questions  and  the  four 
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fundamental  processes  of  addition,  subtraction,  multiplica- 
tion, and  division,  is  presented.     Next  to  each  problem,  the 
correct  response    for  the  selection  of  process  and  the  se- 
lection of  the  correct  answer  is  given.    Also,  the  number  of 
children  selecting  both  the  correct  Process  and  Question  is 
underlined  on  the  chart. 

The  chart  indicates  that  the  pupils  involved  in  the 
sutdy  had  on  the  whole  more  difficulty  selecting  the  key 
questions  than  they  had  selecting  the  process  to  use.  How- 
ever, in  the  multiplication  problems,  they  did  seem  to  have 
difficulty  in  deciding  whether  to  add  or  to  multiply.  In 
addition,  the  pupils  seemed  to  be  more  successful  in  the  se- 
lection of   the  correct  process  and  key  question  than  in  any 
other  of  the  fundamental  processes.     In  subtraction  the 
pupils  seemed  to  have  more  success  in  the  selection  of  the 
process  and  answering  of  the  key  question  number  four,  "How 
Many  More  Are  Needed?"  than  in  the  other  three  key  questions, 
based  on  the  meanings  of  the  process.    Although  most  of  the 
pupils  were  able  to  select  the  process  of  division,  they 
seemed  to  have  difficulty  distinguishing  between  the  two 
kinds  of  division — partitive  and  measurement. 
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CHAPTER  V 
SUMMARY  AND  CONCLUSIONS 
The  data  of  this  study  showed  that: 

(1)  The  mean  difference  of  0.74  between  Process  Scores 
and  Computation  Scores  was  found  to  be  statistically 
significant  in  favor  of  the  Process  Scores. 

(2)  The  mean  difference  of  $.11  between  the  Process 
Scores  and  Question  Scores  was  found  to  be  statisti- 
cally significant  in  favor  of  Process  Scores. 

(3)  The  mean  difference  of  4.38  between  Computation 
Scores  and  Question  Scores  was  found  to  be  statis- 
tically significant  in  favor  of  the  Computation 
Scores.  A 

(4)  The  Intelligence  Quotients  seemed  to  have  little  to 
do  with  the  pupil's  ability  to  select  the  right 
process  and  the  key  question. 

(5)  The  pupils  seemed  to  have  more  difficulty  in  the 
selection  of  the  question  than  in  the  selection  of 
the  process,  except  in  multiplication  problems. 

(6)  The  pupils  seemed  to  be  able  to  select  the  process 
and  the  question  more  successfully  in  addition 
problems . 

(7/  The  pupils  found  more  success  in  the  selecting  of 
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process  and  responding  to  question  number  four, 
»How  Many  More  Are  Needed?"  in  subtraction  rather 
than  to  the  other  questions  based  on  the  meanings 
of  the  process. 
(8)  The  pupils  did  not  seem  to  be  able  to  distinguish 
clearly  between  the  partitive  and  measurement  kinds 
of  division. 

Implications. —  As  a  result  of  this  study,  to  determine, 
by  testing,  whether  or  not  there  is  any  relationship  between 
success  in  solving  one-step  verbal  problems  and  the  under- 
standing of  the  four  fundamental  processes  of  addition,  sub- 
traction, multiplication,  and  division,  it  is  important  for 
us,  as  classroom  teachers, to  fully  realize  the  importance  of 
directing  our  teaching  so  that  the  child  may  derive  meaning 
out  of  what  he  learns.     The  pupils  may  be  looking  for  isolat- 
ed word  cues  in  the  solving  of  a  verbal  problem  rather  than 
for  the  central  idea.     This  may  be  due  to  the  classroom 
situation. 

Limitations  and  suggestions  for  further  study . — 

(1)  This  study  involved  only  a  small  group  of  third- 
grade  pupils,  therefore,  a  continuation  of  this 
study  on  a  larger  scale  with  more  pupils  of  differ- 
ent grade  levels  might  be  significant. 

(2)  The  tests  used  were  not  validated  statistically. 
This  would  need  to  be  done  if  the  study  were  extend- 


ed. 

(3)  The  test  used  in  this  study  might  be  extended  to 
two-step  problems. 

(4)  A  similar  study  on  processes  with  common  fractions 
and  decimal  fractions  might  be  valuable,, 
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id  each  problem  on  the  opposite  pages „ 
>out  what  the  problem  tells  you  to  do« 


©  each  problem  you  will  find  two  blocks „ 
it  xlGck* 


If  you  a<3& 

Wrl  te 

if  jou  subtract 

if  you  multiply 
if  you  divide 

e  second 

block, 

-if  the  problem  asks  us  to  find- 
How  Many  Xn  All? 

Wrl  te 

How  Many  Are  There  In  The  Other  Part? 

Wri  te 

What  Is  The  Difference? 

Write 

How  Many  More  Axe  Needed? 

Write 

Kow  Many  Equal  Groups  Are  There? 

6 

How  Many  Are  There  In  Each  Equal  Group? 

4* 
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